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Coozzibion from the Deparnen of Chemistry,

University of Kentucky, Lexington, Kentucky 40506-0055

IITIS GRA&I
DTIC TAB
Unannounced 0

Reacdous of N, N'-Dimethyurea with Some 3cmo-Nitrogen Compounds' :ust it loation--

L Koinorowskit and K. Niweez Ditrbtin
Availability Codes

AvaIV id,/or
/Dist special

0n* two stadiea on te intmucdon of bo~n-niuge compounds with w=rn we kown. Firsly, te reaction of

boraznes. (RN').with wrn a wei as N-moo- and N. N-dgmyl dedvazives teof bas been descried to

poeed accarding to eq (1). Mae zesuazimt 1.3,S-zri-26-dibomcyclohexne.-ooe roa

2 (-RBNW -)3 4- 3 (R'HN)tW 3

species 1 (obtained in 55 to 65% yiel) were chazactatized by elemental analyses only.; Seveal compounds

2 3

containing the ame stuIa skeleton of 1 and related species such as 2 and 3 were found, amng the reacton

ProdM ofOwW)rpny~on wit N-oganoubsitue xes as well as N-lizhiated3 or N-silyhatd 4O derivatives

Of the tater.



In anothe study, eqimiolmar mo*=t of N, W-dumethylurea, (R"HN)1C0 (R"~ CH3). and

uisdiaaUynno)b~ms B(N4R) (R' - CH3. C2R,), were found to reme in boiling xyleme to give good yields of

1,5-diau-2,4-dib a-3-oxacyclbcn-6-ones, 3.4

The present work is concerned with a study of de tra on of N, W-dimethylurea with various types of bom.

nitrogen compounds containing trigonal boron.

Experimental Section

Elemna analyses wer perfoamed by the Schwarkopf Mcromaytical Laboatory, Woodside., NY. Melting

points (uncorrected) were de rnined oan a Mel-Temp block.

NMR spectra we recorded for soluions in CDCI3 (unless otherwise noted) n a Varian XL-200 or VXR-400

(O'B) Or aMJ-200 (CL 1') MumM Chemical shift data are given in ppm with positive values indicating

downfield from the rference (internal (CHS) 4Si for IH and 13C NMR, external (C2Hs)2 0-BF3 for 11B NMR).

Abbreviations are as follows: s = singlet, d = doublet, t = triplet, q = quartet, p = quintuplet, m - unresolved

multiple. An stsk denotes a broad sigaL Coupling constantsJ are given in hertz. All 3C NMR spectra were

recorded in the promo decoupled mode. Mass spectral data (70 eV unless otherwise noted) were recorded on a VG

ZAB-2F.spectrometm data we given to /z 30 for 5% or pgrer relative abundmces (in parentheses) only.

CHsn3--NHR)-NCH 3CONCHBC4Hs (I- R = C111, W = H, I" = CH3). A mixture of 11.7 g (71

mmol) of B-trietylbomzine (-C 2 HBNH-),,' and 9.4 g (107 mmol) of N, N-dimethylurea was heated in an oil-

bath of 200 *C for 6 I. After cooling to room temperature, the material solidified. It was extracted with several

portions of ether to leave a polymer-lik brown residue (which was not fther investigated). The ether was

evaporatwed from the clear solutm and the colorless solid residue was recrystallized from pentme to give 9.4 g

(49%) of product, mp 95-98 OC AnaL Calcd for C7H17B2DO (M, - 180.85): C, 46,48; H, 9.47; B, 11.95; N, 23.23;

0,8.85. Found& C, 4635; H, 9.45; B, 9.73; N, 22.98.

NMR data: 5 (iH) 5.25 (1 H, s), 3.01 (6 TL s), 1.02 (10 I, s); 8 ("iB) 36.2 (h1,2 m 265 Hz); 8 ('C) 160.0,30.8,

8.0, 7.5". Mass specum j/a 181 (49), 180 (100), 179 (41), 178 (6), 153 (6), 152 (11), 151 (5), 123 (13), 122 (6),

95 (7), 94 (5), 68 (5), 67 (7),66 (9), 40 (7), 38 (5).
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C B(--NCH)(j-NCH 3CONC3)BC2H, (1b; R - CHq, R' - C] 3) was prepared in analogous

fashion as the prcedng compound by reacto of 5.5 g (27 mmol) of B-triethyl-N-trimethylborazine,

(-CZHSBNCHr-),. with 3.5 g (40 mmol) of N, N-dimeaylmura (5 h at 180 OC bath temperature). The resultan

product was distlled under vacuum to give 5.4 g (70%) of the desired product, bp 115 °C/1 trr. Anal. Calcd for

CjIjB2N30 (M, = 194.88): C, 4931; H, 9.83; B, 11.09; N, 21.56; 0,821. Found: C, 49.06; H. 9.87; B, 10.82; N,

21.43.

NUMRd 5 (I) 3.11 (6 IL s), 2.99 (3 H, s), 1 o 0.9 (10 El m);,8 (1 1 B) 36.7 (s. ha 280 Hz); 8 (3 )

159.0, 32.2, 31.2, 6.5*. Ma spectrum xs 196 (14), 195 (60), 194 (100), 193 (36). 192 (17), 181 (5), 168 (10),

167 (13), 166 (16), 165 (15), 137 (16), 136 (8), 125 (6), 109 (14), 108 (5), 81 (9), 80 (10), 68 (9), 66 (5), 52 (9), 51

(6). 44 (10), 40 (16), 32 (22).

CH2N(j-BCJHR(jL-CONCH3CO)NCHI (2; R z CJHb r = CHS). A miue of 1.0 g (2.8 mmol) of B-

tdphenyl-N-uriethlborazino, (-CABNCHR-h. and 2.0 g (22.7 unmol) of NN-dimeylurea was carefully

molte and then boiled for 10 min. After cooling to room imnpeaP, 200 mL of benzene was added and the

mimme was reffuzed with stfiring for 15 min. The clear solution was decanted from a small amount of insoluble

manelial and benzeme was evaporaw. Umace mrea was sublimed off wider vacuum (80 *C bath tumperature).

The residue was diasoved in 50 miL of benzene insoluble matmial was discarded. and benzene was evaporaod.

The remaining solid was sublimed vaer cum to give 1.6 g (62%) of produc, mp 126-128 *C, identical (NMR)

with te viously desanbed mawisl (otained ftm de [(CH&%s)hBC with N, N-, N--'rimeynbiure).

CH3B(--N(C(-B) -NCH3CONCIL-NCH3CONHCH BCH3 (4a). A mixture of I g (11.4 nmol) of

N,N-dimethylure. 2 g (17.6 1mol) of bis(dimehylamino)meftlor=e. [(CH&)2MNBCHS,' and 100 mL of

toluene was reluxed. with stirring fo 9 h. Toluee was evaporated from the clea solution under reduced pressure.

The solid residue (0.9 g. 59%) was recrystallized frm acewmaie to give a colrless product, emp

240-242 *C AnaL Cacd for C1 HB2 N5 40 (M, a 268.93): C, 44.66; H, 9.37; B, 8.04; N. 26.03; O,11.90. Found:

C, 44.73; H, 9.57; B, 7-97; N, 25.94.

NM dawi. 8 (H) 4.9 (1 L s), 2.1 (6 two dly spcedd), 2.71 (3 s)2.59 (3L s), 2.15 (3 It s).

2.11 (3 H. s). --0.06 (3 H, s). -0.07 (3 H, s); 8 (U) 16.1, 1583.40.0.31.8,31.6,31.0,27.6. -0.6 (ratio for 162.1
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and 158.9 signal ca. 1:2). Major ion peaks appe in the mass specuum of the compomd in the regions near m/:

269,197, 168, and 12.

4HBljp-N(CH$)]NCH 3CONCH31L-NCH3CONHCH]BC2Hs (4b). A solution of 11.6 g (91 umol)

of bis(dimethylamino)ehy-anem [(CH3)2N12BC2 , in 50 mL of tolume was added dropwise with stiring to a

hot solution of 4.0 g (45.5 mtol) of N,N-dkimethyhea in 100 mL of toluene. The mixture was refluxed overnight

and the solvent was evaporate under reduced xesisu. The coloess residue was washed with pentane and then

with ether to give 4.8 g (71%) of crude product, mp 226-228 OC (after 7aa from acetonitrile). Anal.

Calcd for CH s0 2 (M, = 296.98): C, 48.53; H, 9.84; B, .28; N, 23.57; 0, 10.78. Found: C, 4&39; H, 10.12;

B. 6.58; N, 24.35.

NMR daua 8 (H) 6.2" (1 H, s), 2.85 + 2.91 (6 H two cliey spaced d), 2.69 (3 H. s), 2.58 (3H. s), 2.24 (3 H.

s), 2.16 (3 H, s), 0.91 (6 H, q, J = 7.5), 0.68 (2H, t,J = 7.5),0.55 (2 H, t. J= 7.5) (the positions of the signals at 6.2

(up to 0.5 ppm) md 2.8 ppmn (vay slightly) m oetaimdpndn); 8 eIB) 13 (s,k =m 635 Hz);5 (13 )

163.6, 159.9, 40.3, 40.0, 31.6, 31.3, 30.8, 27.5, 10.3, 9.8, 6.9*. The mass specum exhiits a weak parent ion

clter in the region r/z 297; the bae peak is observed at m/z 211.

C4H6Bf.-N(CILX[-NCH3CONCH][t-NCH 3CONHCH3]BC 6Hs (4c). A mixture of 3.0 g (17.1 remol)

of bis(dnnethylamino)phnylborane, [(CH&V AC6.,,9 10 g (11.4 mmo ) of N, N-d thylrea, and 80 mL of

toluene was efted with stiing for 10 h. he colorless precipitate wa collected, washed with pentane, and dried

u derva m to give 1.71 (75% yield) of proa= A ( 4c). mp 284-286 *r. Anal Calcd for C 0H ,B2NO (m

393.10): C, 61.11; H 7.44; B, 5.50; N. 17.81; 0, &14. Found: C. 60.06; H, 7.54; B, 5.40; N, 18.29. This material

was readily soluble in chloroform (up to 3.7 wt%) and NMR spectm were recorded.

NMR data: 8 (H) 7.7 + 7.4+ 7.3 (10 H. unresolved m), 69 (1 H, s), 3.02 (3 H, d, J= 4.4), 3.00 (3 H s), 2.84

(3 H, s), 2.64 (3 H, s), 2.20 (3 H, s), 1.68 (3 H, s); 8 (1iB) 3.2 (s, hin 250 Hz); 5 ( ) 165.1. 161., 135.8,134.9,

133.9.127.3, 127.2, 127.0. 126.9, 41.4.40.8,34.4.34.0,33.7,28.0. The roae specam exhibits a muong parment ion

clust in the region xi 392.

The material A wa recastaluzed from c1hlroform/cc.obszae (1:1 by volume) to give a product analyzing as

a 1:1 molar adduct of 4c with chloroform, up 278-280 "C. Anal. Calcd for C2HNB2 CQ)sO (M4 = 512.5): C,

49.21; H, 5.90; B, 4.22 CL, 20.75; N, 13.66; 0, 6.26. Found: C, 49.06; -, 6.08; B. 3.81; Cl, 19.57; N, 14.21.
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This latter material B was consderably less soluble in chloroform (only up to 1.8 wt%) than the original

Material 4c. However, the 4{ NMR spectrum was essentially identical with that of 4c except that the signal of 4c

observed at 6.4 ppm is now loated at 5.3* ppmn (1 M) and an additional signial is observed at 1.43 ppm (1 H. s.

position concentration dependent). An additional signal was also observed in the 13C NMvR spectrum (solution in

CD1Cl2) at 78.0 ppm.

Reaction of NYN'Dimethylurea, with (Dimethylamino)diorganylboranes (Representative Reaction). A

ixtur of 6.0 g (42-5 mmol) of (intyanod-prplne,(CH,)2NB(n-C3H7)2 .]O and 1.0 g (11.4 inmol)

of N, N'-dimethyluma was heated to reflux (190 0C bath temperature) with stiring. After about 1 h a clea

homogeneous mixtur was obtained and heating was continued for 45 h. A colorless precipitate formed on cooling

of the reaction mixtre to room temperature and additional, precipitate formed on addition of 40 mL of pentane. The

precipitate was collected and was identified as N, NN-uietylur (78% yield); 8 (1) 4.4* (1 IL s), 2.89 (6 H.

s). 7-79 (3 H. d, J - 4.7). Pintne wu distilled off the fitrate udrreduced pressure and the remaining liquid was

frationaily distilled udrvacuum to yield (CH3)HNB(n-CA) 2 and the unreacted excess of (CHs)2N(n-CH 7 2.

Results

The reaction of N, N-dimethylutea (-r DMU) with borae accordling to eq (1) has previously been reportedF in

a patent.2 but wo experimental details are avallable. It hats now been observed that no reaction occurred when

several borazines, (-RBNR-), (it - C2!!5 or CA1 and R' = H or0193), were trated with the urea in beat transFe

media such a refluxing benzene, toluene, or xylane. Howevm, heaig of a neat mixture- of the reactant to

temp era sof 180-200 C gave ready acces o a RC14. R aELR' CjW andlb (R = C%.,R' = Wa

01,) ouiginating from (-C2HBNR-), with II = H or C!!,, respectively. When (-,C6H5BNCHy-), was heated with

DMIJ to 200 C, the mixt-u-e wu not yet completely liquefied. Only at bath temperatures nw 250 OC (boiling

DMU) was a clear malt obtained and a reaction immted. However, the resultant product consisted primarily of

1,3,S-tiaz-2-boracyclobexa.4A-dione 2 wit R - C6% and R' n C!!,. This result suggew that under the

expeimetalconditions a condensation of the DMU to N,,N-utnmethylbiuret occurred &as and the lawe reacted

with the borazine to give the cuted product. Compounds of type 2 have previously been obtained by tnrusamination

-5-



of bis(dimuetbylamino)crganylbones with bi ets,7 and were also obseved among the products of the condensation

of (dibalo)organylborane with res.3

In the present work it also funther found, d bi dmethylamno)ornylUMoa [(Cn C 2BR. react with

DMU in 1:1 moLar ratio and with the release of only 1-5 equiv of dimethylamine to form diboro species. The

process is independent of the ratio of the reactam However, the products are most easily purified when an excess

of the aminoborane is used. (No bis(reido)boanes of the type R(NR'CONHR' 2 could be obtaied under the

studied conditions, not even in the presence of a large excess of the urea.) The resultant diboron spec

unexpectedly contained four-coordinae boron (as shown by 11B NMR dam), suggestng 4 as the siucture of the

4 (R'= CH3)

a: R - CI'Is

b: R = C2H5

c R-C CH

speci. This later formulation is in complete consom ce with all of the NMR data.

When a neat mixe of (dimethylammo)d-n-ptopylbne and DMU was teluxed (for 1-2 d) using excess of

the uninoborane as solvent, essentialy qmntitative conversion of the DMU to N, N, N-uimethyhuea (w TMU) was

obsved besides the formation of (methylamino)di-n-popyMore. (Dimethylumino)diethyonW 1 did no ra-t

with DMU inder aualogous conditions (ca. 125 ) However, usig boiling xylene as solvent (ca. 140 OP a

reaction occ rred which esul ed agin in an essentially quitative conversio of the DMU to IMU and of th

(diietylmio)dietlbxnme to (I)delbone within a period of I d. On refluxing of (the higher

boilng) (dimerhylnmino)diphenylbo uae with DMU, a reaczion occurred within a period of 15 h to again yield TMU

and (methylamino)dipenylbarane.

-6-



Thes observations illustrate doat displaceruent of dhe dimethylamino groups of

dmtylamizo)diarganylbana by DMU in a transunmation reaction does nom occur readily. Rathe, unde the

conditions ued t DMtJ appearm to decompose to methyl. isocyariate and methylamine~ Subsequently,

metstylamin exchange plaow wih t imethylunin poop of dhe bamne, and t generated dinierhylamin

iazeracts with the isocyanat to yield. TMLT. Indeed, an imtemediate decomposition of N, N-dioraylzrea in the

reaction with haloboranes, has been noted earlier 3 and displacernent of dialkrylamino groups of

(dialkylammio)diorganyboranes by mtylamine has bow descrbed U M ex~OeMic reacdoa)

In coait equimol amouts of tris(ftakylitmino OWahs B(NRD3 (R' - CH3, C2Hs), and DMU have been

reported to rePact in bailig xyem to gi-v species of type 3 (with R = NRj where R' -01 C o Ci2s).' Apparently,

this latter reaction proceeds via the intermediate fotiwon of the carbodimnide CHN-CNCH3 and the diboroxane

(n diboryl oxide) E(RiN)2BW2 (uder release of two molar equv of R30H); the dibozane then seems; to reat with

a second DMU molecule in a naabtmto yield a cyclic product of type 3. In view of the observation that

aminoboranes tended to react with DMU to form at least, one BNCH-,CONCH3B unit, trisdimethylamino)borane1'

was reacted with DMU in 2:3 molar rati in rufilxing toluene (24 Ii). A glusy polymer-like materia was obtined,

th 11RN14R spectrum of which showed at leas four distincme~ac signals centered near 0 ppm (maxima at 2.4,

-0.1, -1.0, and -1.4 ppm). 1M 1H NMR qxewmu of this prduct was izcmucuiv and t 70 6V mas spectrum.

exhbied. peak Up ID ml: 572 Tha matrial WU not fIMther izieStPIGmu
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